weeks, animals that received the HFD were randomly separated into a sedentary control high 142 fat group (HFC; n=10) or three exercise training groups: HF and low intensity exercise (LE; n 143 = 10), HF and moderate intensity exercise (ME; n = 10), HF and incremental intensity exercise 144 (IE; n =10). For the next 6 weeks, CON group libitum feeding with standard rodent chow diet 145 and remained sedentary, HF group libitum feeding with high fat diet and remained sedentary. 146 LE, ME and IE groups were fed with high fat diet and trained with different exercise training 147 intensities. At the end of 6 weeks treatment, rats were sacrificed after fasting overnight. Blood No. 85-23, revised 1996) . The study was approved by the institutional animal care committee 152 of GDMLAC.
153
Composition of the high fat diet 154 The high-fat diet (HF, GDMLAC) contained several compounds that provide energy (5% 155 sucrose, 18% lard, 15% egg yolk powder, 0.5% sodium cholate and 1% cholesterol add to the 156 60.5% basic standard rodent chow diet; GDMLAC). 8 165 m/min for 30 min, and increase in intensity to 27 m/min for 20 min on a motor-driven treadmill. The primary outcome measures were the markers of oxidative stress in the aorta; T-NOS and 169 i-NOS. SOD, MDA, CAT, GST and T-AOC. 170 The secondary outcome measures were; presence of aortic enothelin-1 and eNOS, body mass 171 and liver mass and lipids. 172 We also confirmed the existence of NAFLD (liver histology) by hematoxylin and eosin (HE) 173 staining of embedded liver tissue samples.
175
Markers of Aortic Oxidative stress 176 The aorta was separated from the ice plate and then put it in liquid nitrogen preserve the sample 177 for testing. Prepared fresh aorta samples were ground in saline solution to make 10% aorta 178 homogenates, followed by centrifugation for 20 min at 4°C. The resulting supernatant was 179 collected using specific kits according to the manufacturer's instructions. NOS (T-NOS and 180 iNOS) were detected using an assay kit (Colorimetric method), (Nanjing Jiancheng Corp., 181 Nanjing, China), Nitric Oxide (NO) assay kit (Nitrate reductase method).
182
MDA contents in the aorta were quantified using a lipid peroxidation MDA assay kit (TBA 183 method) (Beyotime Institute of Biotechnology, Jiangsu, China) according to the 184 manufacturer's protocol. CAT activity assay kit (Visible light method), SOD, T-AOC activity 185 and GST contents were determined using a reagent kit (Colorimetric method), (Nanjing 186 Jiancheng Corp., Nanjing, China).
187
Endothelin-1 and Nitric oxide synthase 9 188 Endothelin-1 (ET-1) and endothelial nitric oxide synthase (eNOS) were measured by immune-189 histochemical analysis. After the abdominal cavity was opened, the aorta was quickly and 190 completely separated, the fixed aorta was embedded in paraffin, sliced into 5-μm-thick sections, 191 and mounted on glass slides. The immunohistochemistry was performed with a PowerVision 
207

Characterization of non-alcoholic fatty liver disease 208
To characterize NAFLD paraffin-embedded liver tissue samples were cut into 5-μm thick 209 sections for hematoxylin and eosin (HE) staining and the sections were then examined by light 210 microscopy. Rat livers were fixed with 10% formalin, cut into 10-μm sections with 211 hematoxylin and eosin and then at least three randomly selected liver sections images were 10 212 digitally captured (400x magnification), from each group were examined and photographed 213 with a Nikon Eclipse Ci light microscope (Nikon Corp., Tokyo, Japan). 
Results
231
Effect of exercise training intensity on aortic NOS and NO activity
232 Table 1 shows that aortic T-NOS activity was higher in the CON versus HFC (P<0.01) and IE 233 (P<0.05) group, however only the low intensity (LE) group showed a significant elevation 234 compared to HFC (P<0.05). i-NOS activity was higher in the HFC and all exercise groups 235 versus CON group (P <0.01), however only the low LE and ME groups showed a significant 236 reduction compared to HFC (P<0.01), meanwhile the LE and ME groups showed a significant 237 reduction compared to the IE group (P <0.01).
238 Table 2 shows that NO content in the aorta was higher in the CON versus HFC (P<0.01) and 239 all exercise (P<0.01) groups, all exercise groups showed a significant elevation compared to 240 HFC (P<0.01). Fig 1B) . In addition, LE and ME groups exhibited significantly 261 increased GSH compared to the HFC group (P<0.05 and P<0.01 respectively; Fig 1D) . Expression of eNOS protein levels in the aorta were significantly lower in HFC group than in 273 CON group (P<0.05), whereas there was no difference between the three exercise groups 274 (Table 3 and Fig 2) . The expression of ET-1 protein levels were significantly higher in the 13 275 HFC, LE, and IE groups compared to the CON group. The ET-1 levels were significantly 276 decreased by moderate intensity exercise training (P<0.01). (Table 4 and Fig 3) .
241
277 ET-1, Endothelin-1; *, P < 0.05; **, p< 0.01 vs CON; ## , P < 0.01 vs HFC. As shown in Fig 4, after 6 weeks treatment, body mass of the rats in each group were not 301 significantly different ( Fig 4A) . Liver mass were lower in the ME group than in the HFC group 302 (P<0.05), otherwise there was no significant difference among the exercise groups ( Fig 4B) . and an array of wheel-shaped cells along the centrilobular vein. However, in the HFC group 314 lipid droplets were observed in the liver sections ( Fig 5B) . Lipid droplet volumes and quantities 315 were reduced with different exercise intensities (Figs 5C, 5D , and 5E).
316
As shown in Table 5 , the serum TC, TG, LDL-c and FFA were lowest in the CON group, but 317 TC, TG and LDL-c were significantly decreased in the LE, ME and IE groups compared with 15 318 the HFC group. No difference in serum HDL-c was observed between groups. Notably, TG, 319 TC, and LDL were not significantly different between the three exercise groups. The aim of our study was to investigate the effects of varying exercise intensities on aortic 340 endothelial function in high fat diet-induced NAFLD rats. We can confirm that high fat diet 341 induced vascular endothelial dysfunction in NAFLD rats. We found that exercise enhanced Our study showed that CAT, GSH, and T-AOC was significantly reduced in the HFC group, reported that high intensity exercise was superior to the moderate intensity in attenuating 366 oxidative stress and improving glucolipid metabolism in post-MI rat myocardium (26).
367
Jamurtas et al. also found high intensity to be superior to moderate intensity for reducing 368 oxidative stress in healthy male humans (27). It therefore remains unclear which exercise 369 intensity is optimal for improving anti-oxidant function.
370
In our study, we elucidated that all exercise training intensities, especially for low intensity and 371 moderate intensity, enhanced antioxidant enzyme activity and suppressed NAFLD rats' 372 oxidative stress. We speculated, and our data supported, the notion that that incremental 373 exercise may increase reactive oxygen species(ROS) production during incremental exercise 374 leading to the oxidation of protein, lipids or nucleic acid (28).The production of ROS during 375 exercise is also accompanied by a reduction of antioxidant capacity (29). However, our data 376 lack measures of ROS production and other related oxidative stress markers. So further studies 377 of the molecular mechanisms involved in anti-oxidation may be indicated.
378
The impact of different exercise training intensities on endocrine 379 function of aortic endothelial cells 380 Our results show that the expression of eNOS and ET-1 levels were significantly reduced in 381 the moderate intensity group. 409 We demonstrated that three different exercise training intensities were equally effective in 410 alleviating dyslipidemia as well as hepatic damage in a diet induced rat NAFLD model. These 411 results suggested that the therapeutic effect of exercise training in dyslipidemia and hepatic 412 damage is unrelated to exercise intensity. This notion is supported by meta-analytic work (41).
413
Moreover, our study did not find any improvement in body mass or HDL-c in any group.
414
However, it should be noted that liver mass was significantly decreased in the moderate 415 intensity group.
416
Exercise plays an important role in improving lipid metabolism disorders, and is increasingly 417 seen as an adjunctive therapy for the prevention and treatment of NAFLD (16, 17, 42) .
418
Machado MV et al. showed that exercise intensity would be more effective in improving 419 metabolic parameters than frequency or duration (43). A retrospective study indicated that 420 moderate and vigorous intensity physical activity yielded similar health benefits to low, in 421 terms of the measured body adiposity and serum TG (38). Two studies showed that vigorous- 
